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flat - Apparatus for the Separation of Solid and Liquid Particles
fron a Cas-strean with the Aid of Sonme Radicactive Ionizars

The objact of the invention is an apparatus for the electrostatic
separation of solid and liquid particles froa a contimous current of
gas. The gas strean which is to be purified is exposed to radioactive
radiation sources for the ionigzation of the streaming gas molecules,
which in turn elsctrically charge the solid and liquid particles vwhich
are carried along by the gas stream, Morsover, the gas flows throuch a
system of electrodes which is combined with an electric source of electro-
motive source and an electric field is produced which is orlented across
the direction of the streaming of the gas streaming and a deflection of
the particles, which are carried along and which are charged elsctricallys
likewise transverse to the streaming gas is produced, The deflected
particles which are consequently put in motion at the electrodes are sc
arated there and remain adhering. Thus, such a low potential (voltaga?g.
exists in the system of electrodes that with certainty neither a luminous
cur rent digcharge nor the appearance of sparks occurs.

Electrostatic dust arresters are know in which such a high electric
fleld intensity prevails between the arrasting electrodes that an electric
lunminous current discharge impinger upon the elecirodes and therefors an
fonization of the gas molecules which are streaming through the separator
{s produced, and an lonrization strean arises betwsen the elactrodes vhich
for its part causes the charging of the particles which are carried along
by the streen of gas. The charged particles are put in motion then under
the effect of the electric f£ield from the electrodes and are separated
there. That kind of electric separator, however, has the basic (syste-
matic?) disadvantage that very high electric potentisls are necessary and
the lusinous current discharge leads to the production of ozone and other
undesirable gases, On this basis such seperators are not suited for the
air purification in air condi tioning plants and could not be exployed
because of the danger of explosion with inflansable powder (dust?) mixtures.

Another known ajparatus method of electrostatic separation possesses
a special chanber for ionisation of the gas molecules for the purpose of
charging the particles which are carried along by the gas streanm and &
secord chatber for separating them in an elsctirode systa. Ionization of
the gas, however, is also produced by an electric luainous current dise-
charge which is produced in the imzediate environment of a thin wire elect-
rode, In the short duration, during which the gas strem in sub Jected to
the luninous owrrent discharge, a reduction of the osone produstion should
be obtained, and the formation of the other unfavorable gases be avoided
by the purifioation of the air current, However, the osone producbion is
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sufficlently great to exclude the use of such an air purifier in air eircu-

. Iation air conditioning plants without supplies of fresh air. The corro- i
sive gases which are produced aleo are sanoying in many industrial uses of ;
such & geparator, and the danger of explosion is i.n D0 way decreaced by
the descrided construction.

On the other hand, in the separator sccordin; to the invention under i
coneideration, the necessary ionization of the gas molscules is not pro-
duced by an electric luminous current discharge but by the use of a
radioactive radiation of the zas strems. The potential obtained at the
electrodes of actual separation system 1s so ezsll thst luminous or spark
. appearances are sbsolutely avoided so thst glso the use in the case of
explodable powder or vapor mixtures of the respective gases is allowable.
The formdion of czons or other annoying gascs is awided 230 that the -
separater acoerding to the invention under consideration can also be en- |
ployed in air conditioning plants without the disadvandage of purification
. of the oiroculating air and without supplies of fresh air.

The donization of the gas molecules by radicactive sources of radi-
ation is produced, is dependent on the radiation of positive 4lpha and
negative Beta particles, whereas the Gamma photons which are radiated from
uany sudbstances are less active. The Alpha as well as the Beta particles

’ produse by impulse wany positive gas ions in great numbers, whereas the
~ electrons which become free in the presence of the impulse ionization
produce on the other hand, a small quantity of negative gas ions, The
ghs ions produce for their part, éuze to the constant heat transfer, a
charging of the partiocles suspended in the gas stream. The kinetlio energy
of the particles emitted by the radiocsctive substance is so large that the
potesials employsd in the system of elactrodes do not influence their
paths, independent of the polarity of the partiolo;a.

In figures 1 to 6 are 1nd1utd, for example, IQuignl of separators
with a radicactive ionisator.

Pgure 1 shows $he principle of a umnw in a oylindrical
type of structwre,

Mgure 2 exhibiss, for example, & fom o,f design for the formation
of rediocactive sources of radiation,

. Figure 3 indicates the construction of the separstor in a cy-
" 1tadrical type of structure with flushing, high thlun apparatus and auto-
©© matically controlled valves. ;

Migure s shows a form of design in a bo%:-ahapod structure.
Mgure 5, for exaapls, shows the VYpe 42 design of a separator

with separate frame shaped ionisators and a plate shaped systeaa of
separatorwel eotrode,




Figure 6 shows, for exampls, the design of a separator with a
radioastive counterecurrent ionizator.

The principle of one sepurator with a radicactive ioanlizator {s shomn
in Fig. 1 in a cylindrical structure, In order to purify the gas at
rear %1) of solid and fluld particles which ars carried along strean
throuzh a metal tube (2) in which a metal rod {2 arranged concenirically
in ouch a may that the metal tube 2 and tho notal rod 3 are elsctrically
rotated from sach other and from & pair of elecirodes vhiich are comacted
with the voltage source L. The metal tubs 2 supports shor tly behind its
intake port on the inside 8 relatively small, ring shaped plating 5 of
radiczcotive mterial which emits predmainately Alpha particles. The Alpha
partiocles which are radinted from the radioasctive plate 5 concentrically
in the direction of the inner eleotrode produce the desired strong ioni-
zation of the gas molecules which are fownd at tines in the radiated cross-
sectional places and instead form predominately positive gas ions. The
outer elect=cde 2 which is ppposite the inner clactrode 3 and which is
negative due to the battcrypﬁ, axerts an atiractive effect on these posi-
tively charged gas ions 5o that & strean of ions remults in the diroction
of the cuter electrode. This stream of ions does not flow only in the
eross sectional plane which is radicsctively radiated but also reaches
the entire cylindrical system of electrodes as far as these are carried
along by the gas strean, A stream of lons of this kind across the
streaming direction of the gases produces, however, according to experience,
a positive charging of the m011d and liquid particles which are carried
along by the gus etrean, practically without rezard to thelir size and
diameter. The particles which are thus positively charged undergo, along
the entire oylindricsl electrods system owlug to the negative potential of
the outer against the inner electrode, a deviating force across the direc-
tion of streaming of the gases ard travel to the outer eloctrode, on whose
inne wall they become precipitated and adhere. With suitable azounts of
streacing velocity, Alpha-intensity, width of the radioactive plating and
length of the syt em of electrodss, & suparation of practically all of the
golid and fluid particles whici ars carried along by the gas stream, results,
Thus, the potertial at the electrodes and the strength of the electric field
in the imuediate region of the inner electrode which are obtainedaiv suf-
tics.;:th anall that it is certain that spark and luminous current discharge
are order.

For the desired performance of the radiocactive lonization as a neans
for the electric charging of the solid and liquid particlas which are
carried along by the gas stream, it is not necessary that an electric field
prevail at the same tinme in the cross sectional plane which is radioactiveliy
radiated. On the contrary, without impairment of the effect in the olectrode
systea of Fige. 1, tha rod shaped inner electrode can be shortened so auch
that the gas stream, after its entrance into the outer tube, first of all
streaas through the oross sestion plane which is radioactively radiated and
enters after that, the fleld which prevails between the outer and inner




electrodes. In this case the gas molecules become radioactively idonized in
She radiated space and produce for their om part, without which an ioni-
sation strean is formed, the sane electris charging of the solid and fluid
particles, which are carried along by the gas strean, by mens of the in-
pact on acocunt of tho constant heat trensfer of the gas ions and the
relatively smll "free path lengths®,

However, since the range of transission of the Alpha~particles which
are especially important for the ionisation is rather iizited in a gas and
mowmnts %0 only a few centimeters, the relationship of the diameter of the
metal twbe (2) and the inner electrode (3) is 0 chosen that the open
radial distance between the two electroces is not greater than the maxinmum
range of transaisszion of the emitted Alpha particles,

The radiosctive plating on the inner side of the ocuter elsctrode of
Fig. 1 which is decidingly important for the function of the separator, is
in an exemplary design in Fig, 2 in top view and cross-section, in which
-design the sams kind of radiocactive sources of radiation already known for
other purposes are used, From a band-shaped metallic lining (1) in the
freer portion, the radicactive sudbstance 2 is introduced by means of an
¢leotrolytic separation or another means, whereby laterally a non active
margin remains exposed. The aotive section by means of a thin metal foil
3, for exmple of gold, is uncovered whish is plated on is electrolytically
irtroduced and the latter is oombined with the metallic iining, so that the
radicactive section is closed conpletely gas tight. The covering foil 3
is made 80 thin that on the one hand only a small part of the desired Alpha
. radiation is sbsorbed, but on ths other hand the emergence of the radon
gases which arise in the radicactive disintegration is avoided with cer=
tainty, ‘

The metal band shown schematically in Fig, 2, with a radiocactive filler
deponit, is attached in the case of the oylindrical separator asccording to
Pg. 1 thus to the inner wall of the ocuter electrode so that the active
surface is directed with the thin covering foil according to the inner space
of the oylindrical electrode system. Thereby no further barrier cf the free
radisdion of the Alpha-parvicles is place in the way, and at the same time
the backward emergence of the ndioact.ithﬁdioactivo radiation through the
outer eleotrode is additionsly lessened.” The use of an intensive radiun
preparation a further shielding by means of a lead ring is necessary, which
1s placed sbout the outside of the electrode (2).

The equal performance of the radioactive ioniszators in the principle
arrangeaent according to Fig. 1 is obtained if the ring-shaped covering (5)
of the redicactive substance is not placed on the inside of e outer

. eleotrode (2) bus on the outside of the imner electrade (3). In the latter
case the activy side of the covering must naturally be directed outward for
the purposs of radicactive radiation of the inner space of the concentric
electrode arrengement, and woreover approximstely the equal number of gas
ions must Ve produced per unit space in the oross section which is radio-
actively radiated as in the arrangeaent of the radicactive lining whioch 1s
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sghown in Fig, 1,

Figure 3 shova an exemplary oonstruction of a separator with a
radicactive lonizator in a oylindrical type of apparatus. The air stream
to be purified enters at 1 in the apparatus and is fed over the bend of
the tube (2) of the elsctrode systems, This consists of the eylindrical
outer electrode(3, which is seen in section, which is slectrically insu=
loted vith an insulation using (L and 5) from the construction shove it
as well as the tube shaped inner electrode (6) which is arranged consec-
utively., The inside of the bend of the tube (2) bears a ring 7 which in-
cludes the radionctive substancs and erradiates the predoninately Alpha-
particles, The gas strean which passes out from the lower end of the
e_actrode systen is turned around in a ring shaped housing 8 and leaves
the apparatus at(9. The insulated and suspended outer electrods 3 is con-
nected to the negative pole 10 of the high tensian source 1l whose positive
pole i3 frstened to the inner electrode € and therefore to the housing of
the apparatus. The particles wiich leave the gas stream, which are deposited
on the inner gides of the outer electrode in the operation of the separator,
fora a layer which must be removed from tize to time. UNoreover, a liquid
rinsing is provided for and the inner electrode waich is built tube shaped
and provided with a perforstion 13, through which the rinse fluid enters in
the enclosure and 4s sprayed against the inner side of the outer electrode
) as som as the n].vo(lS{h opened by its electrio starter(1d., Thm rinse
18 collecting in the funnel 17 and leaves the apparatus at exit 18, when
the valve (19) is opened by its eleotric starter(30. An operating mechanism
(21) comes together with the hizh tension apparatus which ranks in such a
way that in the starter of the inflow valve (5) the source of hi:h tension
(11) will be discornected and at the same time the exist valve will be
opened. A tine delay in the operating mechaniszm makes it possible that
after the olosing of th'e entrance valve (15) only after the expiration of
a previously deterzined dryinz time the exit valve (19) likewise autonate
icaliy closes ard the high tension apparatus (11) again will be switched on,

In the exemplary design of the separator in the concentric %ind of
apparatus in Fig. 3, the radial distance between the outer electrode (3)
and the inner electrode (6) ie made lerger than the maximal transalssion
range of She Alpha particles which ars emitted by the radioactive plating
(7) into the gas to be purified, so that the radicactive plating (7) is
no longer placed in the bend of the tube but instead on the inner cide of
the electrode (3) immediately behind the insulation ring (L). Thus, the
oross section of the tube which is radioactively radiated is found in the
reglon of the electric field between the electrodes (3) and (6) so that a
streaz of ions arises which an electrio charging of the 30l1d ard 1ijuid
particles wihiah are carried along in the gas strean, i3 also produced in
such regions of the tudbe's oross sectlon which would no lonzer be attained by
the radiocactive Alpha emission itself,

In the design which {s shown again in Fig, 3}, ths separator with the
radioactive lonisator is suited for the purification of smll volumes of
air or gas, from which the solid and liquid impurities should be separated
for which as & rineing liquid ware water is used. With the parallel
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operation of a lerge number of such separators a larger gas volume could also
be purified, Above that the cylindrical separstor in this type of construc-
tion can howaver sarve with success also for the recovary of vzluable sube
stances, which are carried amy by the gas or air stream in the form of
powder or mist., In these cases at times the passing solvant are usod as
rinse flulds in order to separats the separator useful naterial froa the
undesirable iapurities. If necessary for such purposes the ajparatus uay be
partly or complstely made from metals or materials which are not chemically
attached by the gases %o be purified as the substances to be separated.

For the oeparstion of 801id and fluid perticles from combustible and
explodable zases the design of a concentric separater exeuplified in Fig. 3
can be used by hermetically insulating the metal electrodes (3) and (6).

For this, 8s an outer electrode (3) a tube of insulating material, for
exanples, porcelain, glass of an artifical substancs, is employed which
bears a metallic plating on its outer side which is connected to the terminal
(10). Likewise a tube of inmlating material provided with perforations is
- uveed as an innsr electrode which has on its inner sice & metallic metal lining
vwhich 1s conmected with the terminal (12) and the uppar housing. The electric
field which arises betwean the metal lining of both elecirode penetrated
through ths actual insulation sections of the inter space botween the inner
and out e electrode through which the yas is streaning, so that tho separation
process s not affected, Probably, however, a direct short circuit between
the slectrodes is prevented by the accummulation of watorial or ccarse inm-
purities in the gas stresam, W¥With suffidently sumall field strenzths in spite
of the adequate separator operation, all spark or luminous currant appearances
are avoided. In the case of this exmplary developaent of the separator with
the radicactive lonisator, the latter is also suited for separation of mee
tallic powders.

In oonceniric separators with a radiocsctive ionizator for larger gas
volumes, a greater muber of metal tubes, at times about the equal emount,
with a larger dianeter are arsgnged concentrically and insulation {ron each
other and svery second tube is connected with the positive ple, the upper
tube with the negative pole of a high voltage source. Ths radioactive
lonisator in this case, is placed in one cross-sectional place vhich lie in
front of tha entire system of concentric tubes or also it is disiributed
® that in eaoh single irregulareshaped cell of the separator which are
arranged conoentrically in each othar a croas-seotional plane iapervious
%o the actml entrance of gas is radiosctively radiated.

A further exenplary separator design with a radicactive ionizator is
dven in Fig. L {n a box shaped type of strusture. A metal housing (1)
serves 88 the outer electrode and bears on its innar side 0lose bohind
the entrance planes a radiocsctive lining (2) in the form of a =all band
which exits dhe predonimisly Alpha-partiocles in the direction of the inmner
Qectrode (3). This imer alectrode (3) consists of . metal plateg whioch
are {nsulated from the cuter electrode, Between the cuter and inner electrodes
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there exists a potential, which produces a sufficlently large fleld sirength
in the eleotrode inner space 1in order to deflect the charge of particles
vith an adequate acceleration laterally from the gas stream, but which on
the other hand nowasver, with sufficiently certainmty still produces no kind
of Lwainous or spark discharge.

L. the caze of the separator dealyn in the box shapad type of structure

chown in Fig. L, the radiouctive lining can be pl.ze equally as well on

the outer side of the inner electrode provided that the intensity of the
radicactive gubstance which is used is eufficlently large. In this case
there iz then the advantage that only & slight linear exnausion of the
radiocactive lining 13 necessary, and at the same time a certain minimal
distance of ths source of radintion from the housing wall {s guarenteecd
which ewntually lightens the necessary shielding measures,

Also in a design like Fig. 4 the radioactiw cross-sectio: plane of ;
the electric fiald in the secarator cen be arrsnzed, for exarnle by shorte
ening the inncr elsctrode (3), so that the interval of the outer wall of
the single box~-shaped ¢nd of the separstar {1) can sti1ll be rot largor than
tha doubled maxizal transuission range of the Alpha-enission of the lining ‘
(2) in the gas which 1 to be purified. On the o‘har hand the radicace ;
tively radiated cross-section plane is placed inside of the electric field
of the soparator. Thua, this resiriction does not hold since in that case
an ion strecas arises in the oross-section plane in question which produces
a charging of the solid and fluid particies which are carried along in ‘he
gas streaa, also in the rogion of the cross section plene, malch lays cute
side of the maximal transmission range of the radicactive Alpna particles.

The ionigator which works by means of a radioactive radiation and the
electrostatic separatar itself, could also be used ssparately in the box
cshaped type of apparatus as is shusn in principle in an exesplary desi;n
in Fig. 5. 7The ssc stream which enters at (1) is conducted t'wough a
otructure (2) which has on its inner side () a redicactive linin; with
predoninataly Alpha~enission and possesses vuch dinensione that in spite
of the restricted transmission range of the Alpha particles, ths entire
inner cross seotisn plane of the structure posassser no unradiated roglon.
The ionization of the gas molecules in the plane of the strucilure causes
the electric charging of the solid and fluid particles which are carried
along by the gas streaw, which then enter the electrode systen of the
electrostaotic separator along with the zas stresn. The latier consiata
altmmately of netal plates (L) with a positive prteniial and meial plates
(S)with a negative potertial, In the cass of the flow of the in‘er s, .co
of the plates, the charged rartioles undergo an attraction directed across
the .as streaning by the plates which are oppositely charged in turn, and
are noved tc these plates and are deposited on the surfaces of the elecirodes
where they adhere. The electrical field sirength in the ¢lucirode eystea of
the swarator is aale only so large that ro luainous or spark discharge occurs.

Also with & dax-shaped type of construction of the separator with a
radicactive ionisstor as is shomn far exaaple in Fig. L end 5, in the case of




use for the separation of solid and fluld particles wmiizi are thersslves
inflawable or are carried along by explodable gases, the n2tzllic surface
of 811 electrodes will be hermatically enclosed with fasulaiing =uterlalc,

With the designs of assvarators with rediocactive iornizawrs Zilch ere
shom for example in Fig. 1 to 5, at timea for simplisity ouly hall Lle
radioactive s:bstance 13 shovn in the form of s3all str-aks or Londyg,
correspondirg to the factory wocess shown in Fig, 2. he wnne of
cpert fon of the radionctive ionizators is homaver, in no may ninicicd if
the radioactive swbatance is not used in the form of that kind ol tand, tub
for erarple are introduced ir a width which correapondg dfractly £5 tha
elec'roiytic or other process of the electrodes in guastion, It musi b
eatirely assired that the radioactive sactions maintain a proteciive layer
vhich 13 gas tight Dut psrmeadle for Alcha=-narticles in onler i5 aveid the
»roduction of radon gas. Also the distribution o the radlouctive sudb-
stance along the entire expanse of the electrode in quesiion 13 pasuyidla,

- v

, With the previoisly krown electrostatic separators, in whica ¢
separate glow-discharge ionizator is connected to the actual szparziicn
cell, the gas stresn flows through the active cross-section plase of Lle
ionisator in the very short time of adout 27 mllliseconds, Thus, ‘he con-
centration st which osone is formed in the region of the jlow is selinz
~ possidble, However, through this ehort daration in which the gas strsaz is
in the region of the forizator, on tre other hand tho desired chargisg of
2 possibly larger nuaber of the s0lid and fluid particles which crs sorried
along by the gas streaa will probadly be produced only if & sirong lu:inous
current discharge axd a very hi;h potential is prezant. .ith tae rociisactive
{onisator thess disadvantages are not present so that a possicly longer
duration of the gas stream in the actual reglon ¢f the lonizatwr is afected.
As this duration is made larger so much the less is the necassary Al ha
intensity of the radicactiwe lining, and respectively so the wulocity can be
80 much the higher,

One exenplary desipn of a searator with a redicactive ionizator is
show in principle in Mz, 6. The gas stroaz eanlera tha agparatus ab (1),
streaxs throuth the radiocactive ionisator consists of tia slectrode (2) and
the opposita eledtrode (3) with the radioactive lining (L) and enters the
separatinn chambers :hilch are dbullt frea the positive plates (J) and Lhe
ne;ative plates (5). ¥he radioactive ionizator is hereby based ca tio
ocounter-etrean principle whareby the potential which esists tetwoan %ie
electrodes (2) and (3) on the basis of the ionization produced by ihg
radioactive exission generates an ion strear which proceeds coruler to tue
gas stmaning., Through the effect of the counter strean and the long duration
of the gas strean in ke achwml region of the ionisator a relly higher grade
separation proceess i odtained.
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Claim of *h¢ Patant

Apparatus for the eloctrostatic ceparation of the 20112 and £lunid
particles from a conidnuous gas sireas is thms char:cterized. The jao
ebroaa to te purified is ploce in & radicactive scurce of radiation which
for its part causes an electric charging of the £olid and fluid porticles
wiloh are carried alozz by the gas streaa, The gas to be purified
streans through an electrode sgystcu wilceh is comected %o o woltage cource
and an electric fleld is sct up @croas the streer. gas wharedy tie electrie
cally charged solid and [{luld porticles undergy a deviatisn across tho
streaalng gas. The particles travecl Lo the elcotrodes and are depnsited
on their guxlaces. +he field otremgtn in the clceircde sysiom {5 suf-
flciently saall that all glow or spark discharze is awided.

Subclaing

1, The apparatus 1s characterized dy havin; Lhe radicactive
raciation scurce on the Lrnar pide of tha electroda syateo of the sepa-
rator and thus the volume -enetration by the electric i{io0ld is at lsast
partially radioactively .iated.

2. The apparatus {o charcstorized in that the radiocactive source of
vradlation in question, which is used for lonization of the ros =oluculas
wilch for the purpoce electrically charging of thc rolid and fluid particles
carried alorg by the gas strean, aalts predoninztsly Alpha particles,
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